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Objectives: Subglottic stenosis is the most common laryngeal anomaly necessitating tracheostomy in early childhood. Crico- and
laryngotracheal resection and laryngotracheal reconstruction—usually with autologous cartilage graft implantation—are themost effec-
tive treatments. These surgical techniques are obviously challenging in neonatal age and infancy. However, a reconstructive surgery
performed at early agemay prevent the sequel of complications.
Methods: The authors present their novel surgical method for congenital subglottic stenosis. Seven infants had inspiratory
stridor; two of them had to be intubated and one required tracheostomy. Laryngotracheoscopy, CT or MRI revealed subglottic steno-
sis: Cotton-Myer grade II in one, and grade III in six cases. Slide laryngotracheoplasty was performed before 5 months of age
(10–130 days), with a follow-up period of average 36 months (4–80 months). Phoniatry and quality of life questionnaire were used
for evaluation of postoperative results.
Results: Slide laryngotracheoplasty in the neonatal age made the temporary tracheostomy unnecessary. All babies remained
intubated for 3 to 10 days with an uncuffed tracheal tube. After extubation, no dyspnea or swallowing disorder occurred. A subjec-
tive quality of life questionnaire, laryngotracheoscopy, clinical growth charts showed satisfactory functional results.
Conclusions: Single-stage slide laryngotracheoplasty might be a favorable solution for subglottic stenosis, even in early
childhood. In one step, the airway can be maintained without stenting and tracheostomy.
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INTRODUCTION
Congenital subglottic stenosis (SGS) is the third most
common congenital laryngeal anomaly after laryngomalacia
and vocal fold paralysis, however this is the most common
laryngeal anomaly necessitating tracheostomy in children
less than 1 year of age.1,2 Congenital SGS amounts to 5% of
the laryngotracheal stenosis, but its true incidence is difﬁ-
cult to assess due to the high incidence of intubation in
patients with preexisting narrow subglottic airway or other
signiﬁcant comorbidities.3–6 The prenatal diagnosis of sub-
glottic stenosis is not routinely possible. Severe dyspnea at
birth requires urgent intubation followed by tracheotomy to
allow adequate ventilation and oxygenation of the newborn.
This then starts a difﬁcult cycle of tracheostomy-related
physical and psychosocial problems for the child and his or
her family.7–10
Laryngotracheal stenosis has been a major challenge
for surgeons due to the complex laryngeal structure and
functions. Choosing the optimal surgical intervention is
extremely difﬁcult at this age due to the special anatomy of
the pediatric airways, the vulnerable tissues and the potential
associated congenital malformations. In order to prevent the
late sequel and complications in such patients, a deﬁnitive
(one-step) surgical solution is preferably performed as soon as
possible in carefully selected patients. In the case of high grade
congenital subglottic stenosis endoscopic interventions are not
recommended.11,12 According to the literature, nowadays
laryngotracheal reconstruction (LTR), partial cricotracheal
(PCTR), or extended cricotracheal resection (ECTR) are the
most recommended interventions for severe grades of glotto-
subglottic stenosis (GSGS). However, these complex proce-
dures require signiﬁcant tissue resection, airway expansion by
rib cartilage grafts, and stent implantation.5,11–14 Tomaintain
the airway stability extended resection of the cartilaginous
framework should be limited to allow tension-free anastomo-
sis, and if graft implantation is necessary, well-vascularized,
easily available, regional tissue is desirable. We describe here
an innovative surgical technique for congenital SGS that has
given good objective and subjective results.
MATERIALS AND METHODS
Patients
Between January 2012 and May 2018 slide laryngotracheo-
plasty was performed in seven consecutive patients on the 10th,
14th, 68th, 105th, 92nd, 130th, and 120th days of life, respectively.
Two patients (patients 1 and 2) had been admitted to the perinatal
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intensive care unit (PICU) immediately after birth, and two
patients (patients 2 and 5) had been intubated due to severe stridor
and inspiratory dyspnea. One infant (patient 3) required temporarily
continuous positive airway pressure (CPAP) ventilation. One infant
(patient 7) required tracheostomy and nasogastric feeding tube in the
ﬁfth week after birth. In three infants (patients 3, 4, and 5) the severe
inspiratory stridor occurred after an upper airway infection. Discon-
tinuance of oxygen support (patients 3 and 4) and deﬁnitive
extubation (patient 5) was not possible in these cases. Endoscopic
evaluation of the airway and reconstructive airway surgery was per-
formed on the ﬁfth day of intubation in patient 5 and 3 days after
the onset of the dyspnea in patients 3 and 4. Pregnancy-related
TABLE I.
Pregnancy Information and Patient Data.
Patient/sex Perinatal data
Age at laryngo-
tracheoplasty (days)
Preoperative
airway support
Grade of SGS
[Cotton-Myer gr./ %] Comorbidities
1/m 37 week
1980 g
10 Oxygen mask II
60–70%
─
Apgar 8-9-9
p.v.n.
2/m 40 week
3490 g
14 Intubation III
70–80%
─
Apgar 7-9-9
s.c.
3/f 38 week, 3450 g 68 High frequency
airway support
III
70–80%
Supraventricular tachycardia
Apgar 8-10-10
p.v.n.
4/f 37 week
2370 g
Apgar 7-8-9
s.c.
105 Oxygen mask III
70–80%
Laryngeal web, Tetralogy of Fallot,
DiGeorge syndrome
5/f 36 week
3300 g
92 Intubation III
80–85%
─
Apgar: 7-8-9
p.v.n.
6/m 34 week
1850 g
130 Oxygen mask III
70–75%
Laryngomalacia,
RDS
Apgar: 7-8-8
s.c.
7/f 40 week
2390 g
120 Tracheostomy III
80–85%
DiGeorge syndrome
Apgar: 2-6-8
p.v.n.
p.v.n. = per vias naturales; RDS = respiratory distress syndrome; s.c. = sectio caesarea; SGS = subglottic stenosis.
Fig. 1. Direct laryngoscopy of patient 2
(A) Preoperative laryngeal status (Cotton-Myer grade III)
(B) Postoperative picture of the glottis
(C) Postoperative picture of the glottis (13th postoperative month). [Color ﬁgure can be viewed in the online issue, which is available at www.
laryngoscope.com.]
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information and patient data is reported in Table I. Preoperative high
resolution computed tomography (CT) ormagnetic resonance imaging
(MRI) scan was performed in all cases. The preoperative investiga-
tions included dynamic and rigid airway endoscopy along with neo-
natological and neurological evaluations. Concentric cartilaginous,
Cotton-Myer grade III SGSwasdetectedwithdirect endoscopic exam-
ination in six of seven patients (patients 2–7), and patient 1 had
Cotton-Myer grade II SGS (Fig. 1).7 In one case (patient 4), SGS was
associatedwithCohen grade III laryngealweb.7
Surgical Technique
The procedure began with direct endoscopic examination of
the upper and lower airways to assess the craniocaudal extension of
the stenosis and determine its (cartilaginous/soft-tissue) nature.
Laryngo-tracheo-bronchoscopy with a rigid 0 and 30 endoscope
was performed under general anesthesia via total intravenous anes-
thesia (TIVA) and high-frequency supraglottic jet ventilation with
readiness for a possible intubation. Jet ventilation was performed by
using the Moonsune III device (Acutronic Medical Systems, Hirzel,
Switzerland) with the following parameters: inhalation time = 20%,
frequency = 130/min, pause pressure = 10 cmH2O, and peak inspira-
tory pressure (PIP) 12 cmH2O. The patient with tracheostomy was
induced through the cannula and an additional age-appropriate
endotracheal tube (ETT) was passed orally and left in the laryngeal
inlet. After the diagnostic laryngomicroscopy orotracheal intubation
was performed.
The surgery began with a horizontal collar incision made at
the level of the cricoid cartilage. The strap muscles were divided
and the laryngotracheal complex was bluntly explored from the
upper edge of the thyroid cartilage to the superior mediastinum,
protecting the recurrent laryngeal nerves and the great vessels
(Fig. 2A, 2B). The thyroid isthmus was divided in the midline
and the cricothyroid muscles were left untouched. First, superior
laryngeal release was performed: along the upper rim of the thy-
roid cartilage, the thyrohyoid membrane was incised until the
superior thyroid horns were reached. The cricotracheal ligament
was dissected and partial midline anterior laryngoﬁssure was per-
formed dividing the cricoid and the thyroid cartilage until the
level of the anterior commissure (Figs. 2C, 2D, and 3A). The
cricotracheal junction was dissected circumferentially and divided
carefully avoiding injury to the oesophagus. Cross-ﬁeld ventilation
was carried out using a second set of sterile anesthesia tubings.
After visualization of the laryngeal lumen a posterior cricoid inci-
sion was performed with preservation of the posterior perichon-
drium, the posterior cricoarytenoid and pharyngeal constrictor
muscles integrity. The distal trachea was mobilized until the ante-
rior cartilage rings could be easily pulled up to the level of the
anterior commissure. The membranous part was resected till the
level of the second tracheal cartilage (Figs. 2D and 3B).
Surgical Variation in Case of Laryngeal Web
The membranous component of an associated grade III
laryngeal web was divided in the midline using Ultra Dream
Pulse (UDP) CO2 laser (DS-40U, Daeshin Enterprise, Seoul,
Korea) with 20 ms repeat time, 90 μs pulse duration, 315 W peak
power, 0.16 mm spot diameter. The cartilaginous subglottic ste-
nosis was untouched by the laser.
Laryngotracheal Anastomosis
An anastomosis was created between the trachea, the ante-
rior cricoid and the midline incised thyroid cartilage using 2.0 or
3.0 PDS suture (Fig. 2E, 2F). The anastomosis started in the pos-
terior midline. Two double armed continuous locked sutures
were placed clockwise and counter-clockwise (Fig. 4). After the
posterior wall was reconstructed the previously passed ETT was
descended into the trachea, then the sutures of the lateral and
the anterior wall were completed. Finally, the threads arriving
Fig. 2. The steps of slide laryngotracheoplasty (schematic drawings,
anterior and lateral view)
(A,B) Subglottic stenosis, hypoplastic cricoid cartilage
(C,D) Partial anterior laryngoﬁssure with the preservation of the
anterior commissure of the vocal folds, membranous part of the tra-
chea is partially resected till the level of the second tracheal ring
(E,F) An anastomosis between the trachea, cricoid and thyroid is
created. First the posterior wall is reconstructed
(G,H) The reconstructed anterior and lateral wall. [Color ﬁgure can be
viewedintheonlineissue,whichisavailableatwww.laryngoscope.com.]
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from the opposite directions were knotted in the anterior midline—
with the knots lying outside the airway. Thus, a continuous suture
ring was created (Fig. 2G, 2H, and 3C, 3D). The pre-laryngeal
muscles and the skin were sutured in two layers, a 10 Ch drain
(Redax - Redon) was inserted for 2 to 3 days.
Postoperative Care
The patient was transferred to a pediatric/neonatal intensive
care unit. Parenteral antibiotic (amoxicillin-clavulanic acid 25 mg/5
mg/kg for 12 hours or depending on the bacteriologic aspirate) was
administered for 7 days. On the day of extubation (third through
10th day), the patient was given a steroid (methylprednisolone,
4 mg/kg) bolus. Nasogastric tube feeding was continued for few
days after extubation and oral feeding started progressively.
Functional Evaluation and Follow-Up
The functional outcomes of the surgery in terms of breath-
ing, voice, swallowing, and overall satisfaction were evaluated by
a quality of life (QOL) questionnaire.15 The following items were
rated by the parents of the patients using the scales as indicated:
dyspnea (0 = absent to grade 4 at rest); noisy breathing (grade
0 = absent to grade 3 = very noisy breathing even at rest);
coughing (grade 0 = absent to grade 2 = frequent episodes);
dysphonia (grade 0 = normal voice to grade 3 = aphonia); dyspha-
gia (grade 0 = absent to grade 3 = nasogastric tube feeding); and
global satisfaction (grade 0 = outstanding to grade 4 = unsatisﬁed).
Follow-up period included regular dynamic and rigid endoscopic
examinations under general anesthesia. The parents systematically
registered body weight gain, length growth, swallowing or breath-
ing difﬁculty. The voice samples were recorded with a high
Fig. 3. Slide laryngotracheoplasty (intraoperative photos, patient 3)
(A) Partial anterior laryngoﬁssure. Arrow 1: incised thyroid cartilage; arrow 2: cricoid cartilage, arrow 3: posterior wall of the laryngotracheal
complex; *endotracheal tube
(B) Mobilized trachea Arrow 1: resection of the membranous part; arrow 2: anterior arch of the tracheal ring
(C) The posterior wall is reconstructed Arrows 1 and 2: shows the clockwise ant counter-clockwise running threads
(D) The reconstructed anterior wall. [Color ﬁgure can be viewed in the online issue, which is available at www.laryngoscope.com.]
Fig. 4. Schematic picture of the anastomosis. Two double armed
continuous locked sutures are running clockwise and counter-
clockwise. [Color ﬁgure can be viewed in the online issue, which is
available at www.laryngoscope.com.]
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sensitivity (40–6 kHz) condenser head microphone (ATM75; Audio
Technica, Machida, Tokyo, Japan) at sampling frequency of 96 kHz
(24 bit US analyzed by Praat 5.3.2.9., Amsterdam, Netherlands).
The following acoustic parameters were recorded in this study:
mean pitch (F0), jitter, shimmer, and harmonics-to-noise ratio
(HNR). Follow-up intervals were 80, 73, 43, 24, 21, 4, and 5 months
for the patients, respectively.
RESULTS
There were no major peri- and postoperative complica-
tions. The postoperative timeline of events is presented in
Table II. Extubation was considered safe on the 7th, 5th,
10th, 4th, 3rd, 7th, and 5th postoperative days, for each of
the seven patients, respectively. In the case of patients
3 and 6, postoperative reintubation was necessary because
of their RSV infection. All patients were able to tolerate pro-
gressive oral diet within 2 to 3 days post-extubation except
one child, who was fed through nasogastric tube from the
ﬁfth week after birth (patient 7). The weight-for-age and
length-for-age percentiles are depicted in Figure 5. The
acoustic parameters, QOL scores are shown in Table III.
Compared to the preoperative values, the QOL scores
improved signiﬁcantly. Based on the parents’ observations,
the breathing was normal in all cases. Gurgling and cooing
were similar to their siblings according to the parents.
In cases of two infants (patients 1 and 3) minor grade reste-
nosis was detected. No patient required revision surgery.
In case of patient 4, weak voice was detected because of a
2-mm blunting at the anterior commissure.
DISCUSSION
Congenital SGS is typically cartilaginous and often
associated with abnormal forms of the cricoid (small hypo-
plastic cartilage) or may be associated with a dense laryn-
geal web. Minimally invasive endoscopic surgery has high
potential for restenosis and hence open airway reclaiming
operations are preferred in such pathologies.16,17 The choice
between LTR and PCTR predominantly depends on the
severity and length of the subglottic stenosis. LTR with an
anterior graft alone is used as a single-stage operation for
TABLE II.
Events of the Postoperative Period.
Name/sex
Extubation
(days)
Complications and
further treatment
Follow-up
period (mo)
1/m 7 mild restenosis—laser 80
2/m 5 – 73
3/f 10 Pneumonia that required
reintubation (4 days),
mild restenosis—laser
43
4/f 4 – 24
5/f 3 – 21
6/m 7 Pneumonia, reintubation
(2 days)
4
7/f 5 – 5
Fig. 5. Weight-for-age and length-for-age percentile. [Color ﬁgure can be viewed in the online issue, which is available at www.laryngoscope.com.]
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the management of grade II stenosis. Grade III stenosis is
likely to require both anterior and posterior grafts and can
be performed in one or two stages. However, over the last
decade, PCTR has emerged as a superior alternative to LTR
for the treatment of grade III and IV SGSs.7,18–20 The tech-
nique of PCTR involves resection of the anterior cricoid arch,
thinning and ﬂattening of the posterior cricoid plate and per-
forming an anastomosis between the thyroid cartilage and
the trachea. The extended variant of CTR is advocated for
severe SGS with additional posterior or trans-glottic steno-
ses, and additionally requires a full laryngoﬁssure, posterior
cricoid split and expansion using a rib cartilage graft and a
temporary laryngeal stent.12
Due to potential comorbidities, associated anatomical
malformations, and complex requirements of the treatment,
tracheostomy is still needed in cases of a severe grade congeni-
tal SGS.1,2 It severely affects the life quality of the patient and
the parents as well. The complexity of the neonatal anatomy
and anesthesia (small lung reserve capacity, high oxygen
requirements, risk of hypo- and hyperthermia, associated
comorbidities) make the surgical options evenmore limited in
this age group. The optimal surgical intervention should be
both quick, safe, and provide an immediate and adequate air-
way, acceptable voice quality and good swallowing function.
Because of the above-mentioned difﬁculties, a deﬁnitive
surgical solution is usually delayed for years, although an
early tracheostomy is often unavoidable.21–24 The most com-
mon surgical solutions (CTR/ECTR, PCTR, LTR) are rec-
ommended in general from the age of 1 year.4,11,14,15,21–27 The
youngest PCTR patient described was a 1-month-old infant
without any comorbidity.22 However, even though the overall
decannulation rate after CTR is over 80% - the rate of
reoperation is between 4-41%, depending on the grade of the
stenosis and the comorbidities. The rate of reoperation is
between 22-45% after LTR.4,11,13–15,18,19,22,25,28
All of the presented cases included high grade, cartilagi-
nous, concentric stenoses. Accordingly, no endoscopic inter-
ventions, but external approach was preferred. In case of
slide laryngotracheoplasty the subglottic airway is aug-
mented with a good vascularized normal-size local trachea
ﬂap. This way, no donor site reaction or graft absorption
occurs, and the technique provides a wide airway at the level
of the subglottis and the proximal trachea, because of the par-
tial resection of the posterior tracheal wall and the ﬂexibility
of the intercartilaginous ligaments of the trachea. Using the
slide tracheoplasty principle, we were able to make the tra-
chea slide on a narrow cricoid and thus create awider airway.
The cartilages in these young children are ﬂexible and are
well stabilized with a double-armed continuous knotted
suture. In all our patients, the reconstructed airway has
remained age-appropriate, static, and undistorted.
During the surgery, the anterior commissure remains
untouched, which has an obvious positive impact on the post-
operative voice quality. In the case of a severe grade subglottic
stenosis, if the manipulation of the anterior commissure is
unavoidable, a second stage laryngeal framework surgery
(anterior commissure retrodisplacement) might be necessary
to ensure a socially acceptable voice quality. However, decent
voice analysis is obviously cumbersome for infants, the objec-
tive voice parameters supported the patients’ satisﬁed opinion
on voice quality.
The good functional results are facilitated by the preser-
vation of the entire cricoid cartilage, the recurrent nerves
and the cricothyroid muscles. Since the integrity and the
innervation of the posterior commissure (respiratory glottis)
remains intact, the possibility of aspiration is signiﬁcantly
lower. Congenital SGS is not caused by scar tissue, but
rather by an incomplete recanalization—hence the respira-
tory mucosa is intact. Needless to say that in airway surgery
if the intact respiratory mucosa is preserved, the chances of
the restenosis are lower.3,5,21 None of our patients had any
postoperative feeding difﬁculties. Asymptomatic, grade I
restenosis was observed in two cases, which could be effec-
tively treated by single laser resection. During the further
follow-up no signiﬁcant restenosis was found, and the growth
of the larynx seemed to be unimpaired. The surgical method
presented here has the advantage of reduced risk of anasto-
motic dehiscence and recurrent nerve damage that could be
encountered in the conventional CTR technique.
CONCLUSION
According to our preliminary results, the single-
stage slide laryngotracheoplasty might be a favorable
solution for subglottic stenosis, even in early childhood.
In one step, the airway can be maintained without
stenting and tracheostomy. Voice production and optimal
swallowing function are well preserved. Follow-up long-
TABLE III.
Functional Outcomes of the Surgery.
Patient/sex
Jitter Shimmer HNR Mean Pitch
QoL(%) (%) (dB) (Hz)
1/m 0.8 9.9 16.2 278 7
2/m 3.3 15.9 8.6 161 7
3/f 1.2 16.1 14.3 151 6
4/f No data obtained 11
5/f 0.4 4.8 19.1 280 7
6/m 1.1 8.7 19.4 434 10
7/f 0.4 2.9 20.3 471 10
Physiological values <1.04 <3.81 >20 – Min = 6; max = 25
HNR = harmonic-to-noise ratio; QOL = quality of life score.
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term outcomes and additional patients need to be studied
to further validate this procedure.
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